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l o  mvcr  thc egg pcw'kct rcn tpm (Iinwkc 1978). chinook snlnlon. nlthough thcy wcrc smallcr. 
Not nll digging in thc m i d  KNCS to covcr carlicr Frown trout rcdds had nnc to lour egg pocEcts, . 
cge pockcts or cvcn to construct ncw ones. Fc- thc numtwr a function ofrcdd sizc, and most cggs 
malm apparrntly also dig to t n t  thc suhstntc Tor lay 2Ocm hcncath thc gnvcl surface. Hohhsstatcd 

gravcl surfacc. In  rcdds 01 small salmonids,, the, 
Whcn thc fcmnlc has pmpanxi thc Anal, most c& pcxkct. cvcn whck singular. vcry likcly has . 

ups tmm cp.g pocket. shc digs upstream hut c\- the samc physiknl khanctctistics. although i t  is 
cavatrs no idcntifiahlc ncw singlc p k c t .  Rathcr. shnllo\vcr and con(ains smallcr panicles. . 
vvcra l  shallow cxcovatibns onen appear dircctly 

. much widcr than thc pockets thcrnselvcs us shc complctcd rcdd contains lcss Anc'silt and wnd 

hy noting that thc suhstntum ofundisturhrd ma- surrounding gravcls, that rcmain tmuscd., L ~ r g c  
rerial underlying rhc rrdd falls in clcvalion slcad- nurnhcrs ofspawncrs in the same arca should en- 
i ly fmm thc upstrcarn cnd ofthe rcdd down to thc gcndcr a "mass cleaning." as hncs rcmovcd from 
point whcrr the f c m a l c q m m c n c ~  woik. HC slat- one rcdd deposit downstream. only to be l ined 

' . 
.. cd that cmhryos ~rChin00k wlmon in  cgg w k c t s  and passcd along by fcmalcs working down- 
5 .  lay a b u t  2 5  cn) brncath t h ~  surface o f  the mdd. stream. h r g c  annual spawning populations o f .  

The first egg pockcts hqvc dccpcr floors than later 'sockeye &lmon. pink salmon 0. .qorlr~tscl~a, chum 
onm (Hawkc 1978). Much dis~urhcd gnvcl from salmon 0. kcfa. Chinook mlmon. and coho d m -  
thc last pockcts tcnds to deposit toward thc lowcr on p~ohahly hclpmaintain high-quality spawning 
end o f  thc rctld k a u x  o f  thc rnorc upstrcam habitat. IVhcn spawningpopulationsdccrcasc:thc 
location o f  thc last pockcts and pcrhaps hrcausc ovcrall quality o f  spawt~ing hahitat can decline 
ofwaning cncrgy ofthc femalc artd c f i r t s  ofrhc (Evcrcst er al. 1987). 
tailspill on watcr vclocity over the rcdd. McNcil and Ahncll (1964) found.'thdt- pink 

. Egg pockct depth ranges from 18 to 43 crn for sulmon significantly rcduccd the pcrccntage ofsol- 
chinook wlm&n rtdds (Hawkc 1978: Chapman ct ids in thc suhstntc that passcd through sicvc 
al. 1986). and from 8 to 22  cm for brown trout qopcnings of0.833 and 0.104 rnm. and chat a por- 
A d s  (Hardy 1963). Ova tend to conccntntc at tion or thc rcmovcd mitcrials consisted o f  light 
thc bottom ofthc cgg pnckct (Hawkc 1978) in thc organic' material. The fn,ction with thc grcalcst 
mntrum. Frecsc-corc wmplcs u k r n  from chinook amount or  organic mattcr formcd pan o f  thc 
salmon rcdds in thc Roguc Rivcr. Oregon. rc-. srnalrcst s i x  componcnts: the ponion fi'malcs 
vcalcd that thc cggs lay in a stratum 2-3 cm thick could most easily rcmovc during rcdd construc- 
just ahove thc undisturhcd strcamhcd at thc hot- tlon. This should apply to spawning gnvcls uscd 
tom o f  thc'cgg pocket (F. Evcrcst, 0.S.  Forcct hy nthcr salmonid spccics as well. 
Scrvicr. p c ~ ~ a l  communication). Although stray Ncw rcdds .can contain as much as 32% lcss 
eggs b y  higher in the rrdd matrix. most ova lay organic marcrial than old rcdds constructcd,in the 
in  thc dccpcrt pnnion of thc rrdd. Chapman ct al. prcvious ycar (Ringlcr 1970). Eycrcst ct nl. (1987) 
(1986) rrponrd that the shallowst chinook wlm- summari?cd rcpons~hat dcmonstntrd rcductions 
on ceg\ i n  mlds cxcavatcd'fi Vcrnita Ilar. on thc in fincq in the suhstratc as a rcsull o f  spawning. 
Columhia Rivcr in Washington. lay 10 cm hc- .Although thccritcria for fincs havcdilTecrrd among 

. ~ n r d  hy Ila\vkc (lo7R). 

rain* trout had structurii similar to thaw of thc mlalivcly clean gnvcl. Ilohhs's (1937) pi- 



clcancr m a r r i a l .  I n  lome r3ws;but suhscqucntly. . i n  thc upprr Icvcl i n  t hq  hcd did not dcvclop:,, 
silt p n c t n r c d  to  qg-pockcts. vinu!lly restoring Insrcaii. the hncr miitcrinl movcd down through , .. 
thc to  i ts original statc." t lohhs statcd tho1 i t  thc grnvcls hy gra\,ity and m n  to fill thc Icsl ' 

, 

was unusual for silt to pcnctntc to thc cm p x k c t  grnvGls from thc hottom up. Paniclc s i x  thus in-  
4hi Ic ova or  alcvins ~ m a i n c d  i n  thc pcxkc~ .  Ev- l l \~cnrcs dcpth or  intrusion. Thc amount o f i n t m -  

. cmsl ct 31. (1987) notcd that clcan ahd smnllcr sion hy 0.2-rnm wnds tlccrcascd as I.; :ncrrascd 

tends to he grratrr  for smalla-diamctcr p;~niClcs through the r rdd (Stuan 1953: Vaux 196l:Coopcr 
and lcss.for largcr oncs(Ikschta and Jackson 1979). 1065). Stuarc ( 1  95.1) dcnionstratcd with potas- 

. I n  flunic tcsts.of intrusions o f  fincs o f  0.5-mni siuni pcrmanganatc cnsta!s that watcr moves , ... 
diamcter in to  an init ial ly clcan gnbcl'hcd with a downward into the ugg pockct n$ well as longitu- - ' 

median pnnicle si7c o f 1  5 mm. l k s c h l i n h d  Jack- .. dinally through,it. W i th  dycs. Coopcr (1965) 
- ,  

snn (1979) notcd_that tlic upc i  I O c m  o f thc  g n v c l  rhtiwcd pcnctration o f  sorfncc water to depths ns . 

hcd t nppcd  thc Qncs and formed a hamcr. o r  grcilt ns 46 crn. C(;opcr.( 1965) dcnionstntcd that* 
'"scal." against fur ther intrusions. I n t rus ion  3 u l rnon  rcdd, with.i~s'pcculiar shape, draws sur- 
a m o u n t d  to 2-806 o f  total bed \-oumc. fncc wzlcr tlrcpcr than docs a gn\*c l  hcd with rcl- 

Froudc numhen  (F,) helpchanctcri;rc flb\r con: ativcly flnr surfacc; Coopcr ( 1965) studicd Ihc cr- 
dit ions that influcncc intrusion o f  hncs. Ilcschta Tc-ct o f  this "pulling" on intrusion o f  fincs In la  2. 
and Jackson (1979) descrihcd this dimcnsionlcss gm\pcls in  an c~pcr imcnta l  cn\'ironmcnt. Hc can- r 
variahlc. which rcprcrrnts thc ratio o f  incnial  to firmcd that silt i s d n u n  into thcgnvcl  cvcn though * 
gnvi tat idnal  forccs i n  fluid flow (Strcctrr and Wy- high surface watcr vclncitics (high 'F,) pfcvcnt dc- . 

piIsition on thc pcsvct3urricc. Thc intrusion o r  
fincs rcduccd gnvc l  pcrmcahility. C;n\.cl com- 
position alTccts the dcpth to which surfacc watcr 

1' .= mcan vclncity. mls: 
circulates in  thc suhstrntc (Coopcr 1965). Vcr?. . 

a' =-accclcntion due to gt%vi!y. 9.8 ronwgiarcl  rctaincJ the lcast fincsand fincrgnvcl 

1.0). the specific cncrgy ( E  - I-'?/[2.q + 4.1) is at a .  strcnm chnnnrl and mraturcd thcir dcpntition i n  
min imum.  Standing uSavcc in  a stream indicntc tcrt hn5kcts a givcn iiirtancc downr~rcam: dcpo- 

. critical flow conditions. Supcrcriticnl flow (I.', .. sitioc was grcatcr anlong niundctl gnvcls than 
1 .O) typically occurs i n  rclativcly s\al!ow. rapid nnionb angular gravcls ar \,cry low flows. hut thc ., 

'ciutcomc was rc\*crscd at highcr flou*s. Thcauthon , 

gravel quickly cstahlishcd a sand seal i n  thc uppcr to inrrudc and scttlc. I n  angular gravcls. morr t n c -  
5 c m  o r  thc clcan gravcl hcd; thc Iargcr ~ i n d  par- tivc Torcc wns nrcdcd tc; cam/ scdimcnts doam- 
ticlc5 "hridgcd" thc openings k t w c c n  adjacent rtrcani. hut mnrc loncs o r  low v;locitv wrrc as- 
g n v c l  paniclcs and prcvcntcd downward mnvc- r t ~ ~ a t c t l  with nnjiular pan ic l r t  at high flow% 
mcnt ofaddi t ional  wnds. At  highcr I.;\highcr vc- p c r n ~ ~ t t i n g  mnrc a c c ~ ~ m ~ ~ l n t i i . n  o fwd in l rn t  undcr 

atcd wi th highcr I . ; )  Icd to grcatcr hctl \hcnr nntl wit l i  ~ l i c  nmtitrnt of&nci paniclrs hct\vccn 0.105 

"jiggling" orsurfacc gnvcls, inhihitine, formation nntl 3 . 2 7  nim in  tlianictcr. Thc rclntion\hip ap- 
n r a  w n t l  w a l  ncar thc gnvc l  \urfocc. I lcncc. thc pcilrr to s l i t~w thnt voiclt fillccl with cnncl cannot 

. . 



. .  . 

c l  nl. (1979) u d  multiplc prohcs t o  frcclc and havc had a hias toward a lowcr d, Thc nv6pgc d, 
c cx tnc t  lun o f n  chinonk w l m o n  rcdd that ~nc lud -  I n  thc Povcny arca o f  thc South 'Fork Sarmon 

cd an %g pocket. Thc lowcr p a n  o f t h c  c ~ g  p r k c t  Rivcr. whcrc thc cgg pockct was cxtncicd. was 1.1 
had a "tunnclcd" appcamncc (W. Platts. U.S. For- nim. S h i n r i  et al. (1 98 1 ) pro\.idcd some addi- 
cst ScwicC. pcr)onal communication). I lr idging o f  tional cstimatcs o f  c1,'in thc arca o f  the pockct 
small panicles among largcr paniclcs lends to  this ~.rakcn hy Platts ct al. (1979). and thcy stated that 
condition. I l o ~ h  inorwnic  p n i c l c s  and u l m o n i d  the (1, o f  the arca ncar the cgg pockct was 23 mm.  
eggs must hridgc across voids i n  thc suhstntc. Thc ,l lowcvcr. thc data. ohtaincd with a 25-cm McNc i l  
smnllcr thc spawner. ~ h c  smallcr w i l l  tw the av- r implcr.  wcrc analyrcd with Srivcs that had a . 
c n g c  panicle sirc i n  thc rcdd and the smallcr maximum mcsh diamctcr o f  25 mm. Extnpola- 
should hc the avcngc diamctcr o f  thc "scal" com-. l ion  o f  thcsc data hcyond 25 m m  to  ohtain the d, 
poncntr. O f  coum.  rgg and alcvin sirc tcnd to ,of wmplcs that included p n i c l c s  as largc as 152 
rclatc d i m t l y  10 fish-sirc as wcll. ' m m  misleads. and onc should not rc lyon thccom- 

G n v c l  compnsition varics widcly ovcr t iwe In  parison. Sh iny i  ct a1.f 198 1) rcpnflcd analyws o f  
many strcams j hdams  and I k h ~ a  19x0). The singlc-pmhc frccrc corcs takcn from 15 cgg pnck- 
mmp lcx  tntcmcttont among I.; frcdhct cvc?~s. and . CIS i n  thc Snuth Fork .Salmon River In  1977. Thc 
d i m c n t s  I n  t ranqwn strongly influcncc cnndi. avcngc o f  the 15 11,s was 25 mm. t\lthough thc . 
l ions I n  the d d  during incuhatinn nnd cmcr- standard deviation was 21 mm. Iarpcly h a u w  
gcncc. t lnucvcr.  thc conf igunt ion o f t h r  rpg p k -  m g l c  prohcs yicld high variability. thc data show . 
ct  and ~ ~ l a c r m c n t  ofcmhryor hy thc fcmalc a p v a r  that cl, was high i n  q g  pockcts. 
t o  lead to optimal physical conditions for cgg In-  .. '. A g n v c l  dcscriptnr dcvclopc-d h?. I.otspcich ant+, 
c ~ h a t i n n  and alcvin cmcrgcncc. Evcrcst (1 98 I): thc f d l c  indcx. a l w  dcmonstntcs . 

smwnlng n m k .  or  cvcn i n  rcdds. hut fcw tlircctl! 
cnnccm thc tndividual c ~ g  pnckct. Plntts ct al. 
(1979) rcmn\m! an-cntirc c w  pnckct from a ch~ .  S.. - (tl../tl,,)' :. tl?, nnd (I:, k i n g  d iamctcn o f  
ncmk u l m n n  r c q  tn thc South Fork Salmon R lv -  - gralns at thc 75th and.25th ~ m n t i l c s  o f  cumu- 
cr i n  Nnvcmhcr 1978 u i t h  " f m r c  core\." Onc Inttvc gravcl u m p l c  uecight. I n  Ihc cgg pockcl dis- 



' 
I n  the p r r v l o u r  section o n  in t rus ion o f  fines I n t o  pockcts was 5,OOi) c m l h  (range. 1.400-18.000 

. cgg pocket. T h i s  shol low in t rus ion d ~ d  not  appcar mcahi l i ty  than the sumound ingsubs t ra tc .~nd  that  ' 

I S  c m  o f  the pocket. T h e  n i id t l le  s t ra tum n l o y .  the way i n  wh ich  they excavate a n d  cover  egg 
hove cap tu r rd  m o m  wnt l sas  the f c n ~ a l c  excavated pockcts. O t h e r  I a p c  w l m o n i d s  a lmost  certainly 
upst rcam o f  the pnckct. Flows steadily dct- l incd p c r f o q n  s i ~ ~ ~ i l a r l y  i n  streams. 

E c o l n ~ y  n f  Salmonid F m b r y m  

o f  M l oad  movcrnent .  tl iccc studicr g c n c n l l y  havc  no t  p rov ided  occun te  
Pc rmcob i l i i y  of.the egg w b c . a t l y  c.c&cds annlogs for t h c c n v i r o n m c n t  w i t h i n  the cgg 

that bT thc surrounding suhs tn tc  and  ttint o f  r c d d  t l icy dcrnonetratc that s u r v ~ v a l  rclatcs p o s i ~ i v c l y  
. arras outsit lc the pnckct. Pcrmcahi l i ty  is n func- to  t l~sso lvcd  oxygcn a n d  apparent kc loc i ty  o f  i n -  

t i o n  o f  hydraul ic  gnd ien l .  afiparcnt velocity. and  t n g n v c l  wntcr that lhovcs past the crnbryos. They  
I c m p c n t u r c  (Pol lard 1955). a n d  i t  dcscrihcc the albo show t l ln l  su rv i va l  rclatcs pos i t ive ly  t o g n v c l  
ab i l i t y  o f  g n v c l  t o  pass watcr pc r  un i t  o f  t imc .  I t  p r r n c a h i l i t y  a n d  g n \ * c l  si lc. and  ncgativcly t o  
incrcacrs w i t h  i n c r c a r d  (/,(Platts c t  al. 1979). O n e  p ropon ions  o f  hnc  panicles. 

25 c m  d c c p  i n  the suhstratc undcr  constant rap id  c ~ p i c n t  mcd ian  lc tha l  concentrat ion o f  dissolvcd 
suction o f  wntcr through a smal l  t u k  whoqc en- oxygcn rbsc w i t h  c m h r y o  dcvclopmcnt: f r o m  about -. 

, t m n m  l ies 2.5  c r r  dccpcr than thc watcr  surface 0.4 n?g/L early i n  c fc \~c lopmcnt  t o  1.0-1.4 m g / L  
outsidc the p ipe (Tcrhunc 1958). Chapman ct al. hcforc hatching. A ldc rd icc  c t  31. (1958) tcstcd sur- 
(1986) ohscrvcd progrcssivc construct ion o f  rcddc v ~ v n l  o f  c h u m  sa lmon  eggs cxpoccd t o  constant 
.ofchinook u l m o n ' i n  the Co lumh ia  R ive r  31 Vc r -  Icvcls o f  dissol\,ctl o.cygcn for  7 d at var ious dc -  
n i ta  h r .  wc rccordcd cxact locations o f c g g  pnck-  vcloprncntal stagcs. Enposurc t o  l o w  dissolvcd 
cts as.kmalcs p ~ c p a r c d  them i n  15 rct lds I n  19x0. oxygcn caused prcrnaturc hatching. a n d  rate o f  
A n e r  the fcmalcs completcd thc rcdds. we d r o v c  ox)gcn uptnkc incrcnscd steadily f r o m  fcn i l i7a-  
truncated stnndpipcs i n t o  the ccn t rum o f  the t i on  l o  hatching. 
pockets a n d  I c n  th81p thcrc. T h e  rncdlan pc rmc-  Aldcrd icc c t  31. (19511) calculated thc cr i t ica l  
a h ~ l i c y  o f l h c  pnckctscqual lcd 10.500cm'h (range. oxygcn conccntrnt lon. the c o n c c n t n t i o n  at wh ich  
3.700-18.000 cm!h). W c  also d rovc  standpipes rcsp ln to<  demand is  just sat~sficd. for  various 
i n t o  the suhstratc c v c n  5 m a long a n  upstrcam- stagcs o f  dcvc loprncnt .  T l r r y  found that oxygcn 
downs t rcam'ax is  I n  3 ncarhy /one o f  h r a v y  ncccl.nscs w i t h  dc\.clopmcnt and. h y  the stage o f  
s l~awning.  S l c d i ~ n  pcrmcahi l i ty  o f  six locationc In, d c v c h ~ p m c n l  at 250  dcgrcc-days (a dcgrcc-day 

adjacent t o n e  o f  l ight spawning wee 395 c m / h  n icndcd that one should n-pard the cr i t ica l  l cvc l  
(range. 190-400 cmlh) .  I n  198 I. we rncasurcd pcr-  o f  d is to lvct l  ox).gcn ns a mcnsurc o f  oxygcn rc- 

. mcah i l i t y  i n  15 Iocatlons 10 m n p a n  a long an qutremcnt  for  curccssful incubation. a n d  that  
u r n t r c a m 4 n w n i t r c a m  axis i n  a m n c  o f  almost stutlicc should determine IT thco rc t~ca l l y  cstirnat- 
con t inuou t l y  ovcr lnpplng rcdds. n n d  fount1 n me-  ct l  c r ~ t l c n l  I c \ c l t  o f  oxygen cquntc t o  cmb i r i ca l  
J ~ a n  p c r m c a h ~ l ~ t v  o f  910  cm!h Irangc. 4hn-h.200 I ~ m ! t ~ n g  Icvcls. 
crn!h). I n  1980 wc also attcrnptct l  t o  cr rntc  egg . ('nhlc (1961 ) t l c m o n \ t n t c t i  thnt s ~ l r v i v n l  o f  
po rkc t \  h y  c l ~ ~ g i n p  w i t h  shovels I n  Ihc suhstratc stcclhcntl cmhryoq rclatcd d i w t l y  t o  npparrnt  vc- 
I n  current. then covcrln(( the p w k c t  h y  tl!l(p~ng l n c ~ t y  o f ~ n t n g r a v c l  wntcr. I lou*cver .  G.hcn hc,?d- 
u p t r k n m  n\ wc thought the fcmolc r h ~ n o o k  w l r n -  ju \ tc t l  h ~ \  t lnl3 to  n!, n n l i r c  the d ~ r w l v n b  o rygcn  
o n  d lc l .%fcdian p r r r n c a h ~ l ~ t y  nf I ?  \ u r h  n n ~ b i n l  level t o  h r n e l . .  k A n d  that .~lrvinl n? Iongcr 



. solvcd oxygen and appdrent velocity in anificially , Silvcr ct al. (1963) followed.this suggcstion'by . - 
dug rcdds that contained steelhcad enihryos showing thit all tcstcd oxygen concentraiions icss 
sh0wcd.a direct relationship of oxygen conccntra- than 1 1.7 nlg/L restricted grqwth ofchinook salm- 
tion to vcloc'it}'. He stated that survival of :In- on cmhryos-hcfore the 24th day after fcrtilixation. 
b v o s  was related to appprcnt velocity. hut only For stcclhcad. a11 tcstcd oxygcn concentrations hc- 
indirectly through dissolved oxygen collccntra- low I I .2'mglL rcstrictcd dcvclopment before thc 
lions. ' 30th day. Growth of coho salmon at 11°C is rc- 

Phillips and Camphcll (1962) huricd newly fcr- strictcd bcforc the seventh day alicr fenilization . 
.'. tililcd steelhead andcoho salmon ova among glass at concentrations of dissolved oxygcn at least as . . '  ', 

bcads within pcrfontcd stainless steel boxes: the high ns 6 mdL.'and hcforc the 28th day at con- 
boxcs surroundcd shon stantlpipes in shovel-dug crntrntions slightly below 11.9 mglL. Othcr data 
rcdds in tributaries 0fDriI-I Creek. Oregon. Steel- ihowcd rcstrictcd growth ofem'hryonic stcelhcad 

, . thc surface of the chorion around each cmhryo. -Dcvclopment of cmkryos oncn . proceeds at 

error may hc associated with the posthatch period. 4.9"C. The limited'data'jndicatc that an nssump- 



oxygen lcvcls (Silvcr ct 31. 1963). 



(1, . . . d,, = particle diamctcn in percentiles I . . . . 
n: IV, . . . tt; = weight rractions ilrpcrccntiles I . . . 
tr. They showed with empiricil data from' thc 

. fluence survival by controlling water movcmcnt indcx to survival to cmergencc of coho salmon 
for embryo irrigation. and easc o r  alcvin emcr- and steelhead placed into laboratory mixes of 
gcncc. Wickctt (1958) rclated krccnl  survival (to gravcls (Phillips el al. 1975). Thcse data includcd 
cmergcnce) of pink and chum salmon fry to av- . only the intngnvcl period of "swim-up" fry !o 
cnge  permeability in the stre;mbcd. McNeil and ' emcrging rry, thc period after nearly compl6tc yolk 
Ahnell (1964) showid that pcrmcat;ility was in- : absorption. The index appeared sensitive to porc 
vcrscly rclalcd to thc percentage oTsuhstrate par- sirc as the latter influcnccs cmcrgcncc and meritcd 
ticlcs that passed through a 0.833-mm sieve. and funhcr study. 1 calculated,/; for the data orTappcl 

.that the morc productive pink salmon spawning' and Iljornn (1983). and found highly significant 
streams. among thosc ,they examined. had high rcgrcssions(rl = 0.85 Tor chinook salmon and 0.95 

'tcrials in the bcd. 











ed with netting; He found 260 emaciated dead Try nihcantly altcr dissolved' oxygen or permeability. ' , .,, 
sevefal centimeters below the surracc of thc gravel in 25 coho salmon rcdds. 

Hausle and Coblc (1976) shobed that emer.. '. 

vertical standpipe. Emergence success of hoth ativc relationships hetwee'n survival of rainbow . 
, 

species declined (from near 100%) whcn fincs ex- trout embryos and pcrccntages offines smaller than . . 
ceedcd about 10% (1-3 mm). Prcsencc of 20% 0.8 mm in test mix& ofgravels. prqbably bccause 
fincs reduced emergence success about 60-74%. of interfcrcnce of sands wiih emergence. Dis- ,. .. 
The amount of fines ( ~ 3 . 3  mm) in spawning grav- solved oxygen content did not change in various - 
els uscd by coho salmon in 15 unloggcd Oregon mixes of sand, although apparent velocity might 
watersheds varied from 27 to 55% (Koski 1966; have difierc'd. 
Moring,and hntz .  1974). One might infer from Dams (1969) rcponcd that whcn a l e v i n s ' d  
the Iaboratory studies of Phillips et al. (1975) that sockeye salmon confronted n sand barrier near the 

, - in undisturbed environments. Because they only tion looscned the sand grains. which fell down and . ' 
, tested survival of alevins to emergence, the incre- past thc hutting fish. and formed an open passage . . 

mental erects of incubation from egg dcposition through which the fish moved upward. Thus , 

to the preemergcnt staie would be suhtncted rrom bridges within the egg pocket may be hrcached by 
these percentages. However, the data o r  Phillips , such butting behavior. and theparticle gradation. , 

' 

. ct al. (1975)only illustnte !hat emergence success caused as larvae movc about and fines,drop into 
'declined in laboratory mixes of gravel.that con- thc dceper sediment pores, may be-an important 
tained high percentages of fines. They do  no! per- component ofintragravel ecology. Pores in the egg 
mi1 quantitative predictionqin held situations. pocket ccntrum result. from the large size of ccn- 

. . - Data from natural redds i s  reported by Koski trum components, bridging by small gnvcls and , ' (1966) and Tagart (1976. 1984) suppdrt a mcan latgc sand particles (NCASI 1984). and bridging' 
survival from dcposition to emergence of about of small particles on ihe embryos thcmselvcs. Porc 

. ' 27 and 30%. rcspcctively. in undisturbed (Alsea' volumc and configuration probably change after 
waiershed)and partially logged (Clearwater River) alcvins hatch. change shape as they absorb their 

, drainages. Thesc data from net-capped redds. al- ' yolk. and begin to movc about. Some fines prob- 
though they integrate responses to several physical ably rcdistributc from $hove to beneath groupsor . 

plcment that is avcngc for her length. Tagan 

hatchery that uscd a stock of fish very similar to thc potential subscqucnt ecological disadvantages : 

. werc smaller than those from gmvels with low 
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Onc cannot. with the existing information on was not ava~lahle. Tappcl and I3j;rnn (1983) had 
survival ofcmhryos and alevins in the redds of already calculated r' values 010.90 and 0.93 Tor 

* 

large ulmonids. predict survivalquantitatively and stcclhcad and chinook salmon. respectively. with 
with known accuracy on the hasis of physical fac- pcrcentagcs of suhstntc with diamctcn smaller 
tors mcasurcd in field or  laboratory studlcs. I t  will rhan 0.85 and than 9.5 mm as indepcndcnt 'van- 
remain impossible until researchers mcasurc sur- n t ~ s . ~ ~ t c c l h c a d  survival regressed with high sig- 
viva1 to cmcrgcncc in simulated egg pockets ap- niljcance on log,[ ( P  = 0.001) and (I, (I' =. 0,03): .. 
propriatcly constructed to model actual egg pocket r' = 0.86 (I' = 0.001). Chinook talmon survival 
conditions in thc substrates used hy the species of rcgrcsscd on log,[ ( P  = 0.001) and dx (P.= 0.02): 
interest. Tappel and Bjornn (1983) and Irving and r' = 0.84. 
njornn (1984) suggested that the greatest appli- Survival correlated much hctter with the Trcdle . , 
cability of  their modcl functions for survival in index ,/;'than with 11, in multiple regressions for 
relation .to two classes oT fines lies in predicting both hcld and lahontory data. Earlier. I showcd 
the relative change in embryo survival rates that signilicant single-Tactor regressions of survival on ' 

may occur if changes occur in the spawning and thc log of pcrmcahilily for coho salmon survival 
incubation substrate. nut the greatest applicability in the field (Koski 1966) and fora labontory study 
Oftheir laboratory data. in spite ofthc elegance of ofchinook salmon survival (McCuddin 1977; Fig- 
the laboratory approach and resultant data. is to ure 2). lfpcrmcahilitics were available for the lab- 
conditions in the labsratori.: One cannot assume. oratory work that Tappcl and Djornn (1983) car- 
for examplc, that a lb% incremental increase in ried out under conditions similar to those used hy 
panicles smaller than 0.85 mm will result in a McCuddin (1977). they would very likely also cor- 
predictable decline in embryo survival oTa given relatc wcll,yith survival. Future data ohtaincd on 
salmonid in a fie!d environment. egg pockcrs and rcdris. both in the field and in 

Labontory studics hnve not taken into account laboratory modeling. should certainly include the 
the internal structure of the egg pocket for the frcdlc index. pcrmchhilitics. percentages oT fines 
species of salmonid used Tor tcst' animals.'One (<O.85 and <9.5 mm). and dissolved oxygcn con- 

, 

should regard laboratory studies oT embryo sur- ccntrations. for thcsc all tend to integrate condi- 
vival-in relation to percentages of fines as modcls tions in the incuhation medium. 
useful in asscssing mechanistic rckponses rather 
than as analogs ofnatlire that permit accurate as- . . Research Rrquiremcntr 

sessmcnt of quanti~ativc biological rcsponscs in Spccific tcchniqucs Tor securing data on fines in . 

actual redds. With appropriate egg pockct simu- and on the substrate can hc found in l3rusven and . 
lations. i t  may bccome possible to relate condi- Prathcr (1974). Walkottcn (1976). Platts ct al. 
tions and survival in the pocket to characterittics (1979). Lotspcich and Reid (1980). Lotspcich and 
and survival within the 'redd. Rescarchcrs may Everest (l981), and Shirazi et-al. (1981) and in 
find that physical data frcnn within the redd pe- the summaries by Levinski (1986). Tcrhunc(1958) . riphcry or .from laboratory studies provide suit- provided dctails on the  ark VI standpipe. uscd 
ahlc predictors. . to assess permeability and appaient velocity in 

Some variables cxamined in f~eld and lahora- gravels within and outside o'f rcdds. 
tory studies may bctler predict survival than oth- - Conditions "in the redd" may scrvr a t  indices. 
crs. I used stcpwik mul[iple regressions to cx- and even predictors. orconditions in thc egg pock- 
amine the two most c6mplctc data sets. one '  et. Scdimcnt composition and stratification have 
obtained from capped rcdds (Koski 1966) and the hccn rcponcd from only 16'idcntificd egg pockcts 
~ t h c r  Trom laboratory gravcl'mixes (Tappcl and (Plattsct al. 1979; Shirazi ct al. 1981).and pcrmc- 

. njornn 1983). Independent variables in the rcgrcs- abilities from 15. The relationship bctwcM av- 
sions Tor Koski's 2 1 cappcd.redds ofcoho salmon erage conditions.within the redd periphery and 
included d,  percentage oT fines smaller than 0.85 . those in the egg pocket must hc established herore 
a n a h a n  2.0 mm. pcrmenhility. dissolved oxygcn. hypothesis progresses to Tact. 
and the logarithm of.[. Survival regrcsscd,signif- The first research phase should establish the . ' icantly on log,[ ( P  = 0.001) and pcrmcahility (I' = paniclc si7es. arrangcnicnt. pcimeahility. and dic- 
0.07): r' - 0.63. 1 uscd r/# and log./; for indepcn- s6lvcd oxygen concentntion over time in natural 
dent variahlcs in thc regressions for lahoratory egg pockets as incuhation proceeds. With ~hcsc  
survivals of stcclhcad and chinook ~ i l m o n  (Tap- data. ons can calculate prickct characteristics such 
pcl and Iljornn 198.1). Pcrmcahility 'inform-~tion as gcomctrlc nlcan paniclcdiamcter hy vertical 
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stntuni and fredlc indcn. 0 n c  can also construct arcas. condition ofthc spawninggravcls may morc 

field obxnvation from blinds of rcdd progress in have conditions difrerent from "spawning gravel" 
clear. rclativcly shallow watcr. Rcdds in. watcr or "rcdd" cvcn in zones of dense spawning. 
deeper than about I m or distant from show wo~rld . In thc sccond rcscarch.phasc, one,should rclatc 
rcquirc morc complcx,obscrvationaI tcchniqucs. survi;al rhrough cmcrgnce to conditions in egg 

. Depth of the ccntrum should.& mcasurcd. which pokkcts. I stiggcst that .laboratory environments 
may requirc temporary disturhnnce ofrhe spawn- should simulatccgg pockct conditionsdeterrnined 
ing female. Either rangc stakcs. for triangulation as described above. iricludingcenlrum depth, par- 

, on pockets. or data obtained with surveying in- tick sizcs and locations. permeability, and dis- 

Freeze-probes (Walkotten 1976: Latspeich and mcnts, but basic pockct structure should simulate 

compositions. Frcczc-cores should also be ob- quirc that fine particles. possibly including organic . taincd at othtr p6ints in sevcral redds whPrc egg- fractions. bc added during the incubation period. 
pockct~orcs  are obtained. Core sampling should A third rcscarch phase should encompass csti- 

. includc c f i n s  to determine changes in stratifica- mation of survival to cmcrgence with redd cap- 
. tion and proponions c f  fines over thc incubation ping. Thc ficld investigator should follow t h ~  pro- 

scason as fincs intrudc in the clcansc'd cgg pockct cedures suggcstcd in phase one for location ofegg . , , 

and rcdd periphery. 1r)trusion oforganic fincs also pockcts. and should incorporate truncated stand- 
may require attention in some environments. pipes in egg pockcts and clscwhcrc in the redd. . 

A truncated Mark,VI standpipe (Tcrhunc 1958) Rcdd caps (Phillips and Koski 1969) can bc em- 
. ' can be inserted in undisturbed pbckets so that pcr-, placcd 2 or 3 wccks before anticipated fry Pmcr- . 

meability and dissolved oxygen can h e ~ n c k c d  gcncc as estimated from tcmpcraturc data. This 
through the incubation period. At the samc timc. minimizes possiblc icc or dcbris damage io caps 

' 

ohtaincd through the cntire incubation period in can bc dcvclopcd from hatchcry or fishery data. 

of fines into tM rcdd. spawning. Onc may cstima~c fecundity and asscss 

though they may scrvc, with appropriate core di- photographic techniques to mcasurc fcmolcs on ' ' 

amctcr and excavation depth, to nsscss gravel thc rcdd. cstimatc.fccpndity liom thatkngth,  and 
* composition ii egg pockets. Shira?i et al. (1981) corrcct for a pcrccntagc ofegg retention hascd on 

compared McNcil.and freczc-core systgnis. and a samplc ofcari.asscs. Variahiljty in fccundity for 
found, th ' t  triple-probe freeze-cores and KcNcil . fish of givcn lcngths may, for some stocks, dr-  
samples yiclded similar rcsults in spawning grav- mand'a largc samplc of cappcd rcdds. For cx- 
cls. Onc should not intcrprct thcsc results ?s per- amplc. Hcaley and H ~ a r d  (1984) r c w . c d  that fish 
raining to vcrtical stratification in the cgg pockct. lcngth cnplnincd somewhat less thjn 50% of the. 

' Unlike samplcs from McNcil cylindcrs. f ro~cn variation in fccundity between individuals within . :. 

cores can be placcd horizontally to lhaw into scp- chinook salmon populalions. Thc net caps must 
aratc bins dcsigncd to providc data,on vertical surround thc read. rather ~ h a n  individual pockets. 
stratification. to intcgratc survival from all pockets. 

Whcrc spawning i s  cxtrcmcly dcnsc. as in ccr- Ilchavior of some swcirs and raccs of salmo- 
lain pink. chum, and sockcyc salmon spawning n,ids, as wcll as cnvironmcntal circumstanccs. will 
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ample, spring-spawning rainhow lrout an(\ steel-: , 1'"s. H. A. I9b9. Adaptations o rswke~c  salmon as- 

may bosc marc dimcul,ics for rcdd capping- 
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for simulation. The samples uscd l o  charactcri7c survival cullhroal trout, .., 
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